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COT.UMN AND PLATE COMPRESSIVE STRYWNGTHS
CF AIRCRAFT STRIICTURAL MATERIALS

EXTRUDED T75S-T AI UMINUM ALLQY

By Gborge J. Heilmerl and J. Albert Roy
SUMMARY

‘Column and plate compres$slve strengths of extruded
75S-T aluminum alloy were determlined both within and
beyond the elastlic range from tests of thiln-strip columns
and local-instabllity tests of H-, 2Z-, .and channel-
sectlon columns, These tests are part of an extensive
regsearch Iinvestigation to provide data on the structural
strength of varicus alrcraft materlals. The results,
which are presented iIn the form of curves and charts that
are sultable for use in the design and analysls of air-
craft structures, supersede preliminary results published
previcusly. '

INTRCDITCTICN

Column and plate members 1In an alrcraft structure
are the baslc elements that fall by instabllity. For the
design of lightwelght, structurally efflclent aircraft,
the strength of these elements must be known for the
various alrcraft materlals. An extenslive research program
has therefore been undertasken at the Langley Memorial
Aeronautical Laboratory to establish the column and plate
compresslive strengths cf a number of the alloys avallable
for use in alrcraft structures. Parts of this investiga-~
tion already completed are given'for 2,;S-T and 17S-T
aluminum-alloy sheet 1n references 1 and 2, respectively.

The results of tests to determine the column and
plate compressive strengths of extruded 758-T alumlnum
alloy, which supersede preliminary results published in
reference %, sre pnresented herein.
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COTTUMN AND PLATE COMPRESSIVE STRENGTHS
OF ATIRCRAPT STRITCTURAL MATERIALS

EXTRUUDED 75S-T AL UMINUM ALLCY

By George J. Heimerl and J. Albert Roy
SUMMARY

Column and plate compressive strengths of extruded
75S-T aluminum alloy were determined both within and
beyond the elastic range from tests of thin-strip columns
and local-instability tests of H-, 2Z-, .and channel-
sectlion coluwns. These tests are nart of an extensive
research investigation tec provide data on the structural
strength of varicus saircraft materials. The results,
which are presented in the form of curves and charts that
are suitable for use in the design and analysis of air-
craft structures, supersede preliminary results published
previcusly.

INTRODITCTICNY

Column and nlate members in an aircraft structure
are the baslic elements that fail by instability. For the
design of lightweight, structurally efficient aircraft,
the strength of these elements must be known for the
various aircraft materials. An extensive research program
has therefore been undertaken at the Langley Memorial
Aeronautical Laboratory to establish the cclumn and plate
compressive strengths cf a number of the alloys available
for use in ailrcraft structures. Parts of this investiga-~
tion already completed are given for 2/;S-T and 17S-T
aluminum-alloy sheet in references 1 and 2, respectively.

The results of tests to determine the column and
plate compressive strengths of extruded 758-T aluminum
alloy, which supersede preliminary results published in
reference %, are »nresented herein.
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SYMROL.S

length of column

radius of gyration

fixlty coefficlent used in Fuler column formla
effective slenderness ratio of thin-strip column

wldth and thickness, respectively, of flange of
H-, Z-, or channel eection (see fig. 1)

wldth and thickness, respectively, of web of H-,
Z-, or channel secticn (see fig. 1)

corner radius (sec fig. lf

nondimensicnel coefficient used with by and
In plate-buckling formula (see figs. 2 and 3
and referencse

modulusg of elasticlty in compression, taken as
. 10,500 ksl for extruded 755-T aluminum alloy

nondimensional coefficient (The value cf T 1is

so determined that, when the effective modulus
TEs 1s substituted fer in the equation
for elastic buckling of cofumns, the computed
critical stress agrees with the experimentally
obscerved value. The cocffilclent T 1s equal
Yo unity wlthln the elastlic range and decreases
with Increasing strescs beyond the elastic range.)

nondimenslional coefficlent for compressed plates

correspending to T for columns

Poisson's rotio, taken as.-0.3 for extruded
758~T aluninum alloy:

crltical compressive stress -
average compresslve stress at maximum load-

compresslive yleld stress .
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 METHODS OF TFSTING AND ANALVSIS

All tests were made 1in hydraullc testing machines
accurate wilithin three-fourths of 1 percent. The methods
of testing and analysls cdeveloped for this research
program sre described in reference 1 and may be brlefly
summarized as follows:

The compressive stress-straln curves, which 1dentify
the materlal for correlatlon with its column end nlate
compresslive strengths, were obtained for the with-grsaln
directlon from tests of single-thickness comprescion sneci-
mens cut from the extruded H-sectlons. These tests were
made 1n a rcompressica fizture of the Yontgomery-Templiln
tyre, whileh rprovicdes lateral sunocrt throuzh closely
snaced rollers.

"re cclumn ctrencth and thz ssscelated eflecrive
cclumn mecduliue were nbtelncd for the with-gralin directlon
by toe use of the methed oresentec in reference 5, in
whicn thin-strl> ccl'umrns of the reterial were tccsted with
the ~nds clamped in fixtuies that »rovide a high desgrce
of end rescralnt. The flxtures uced ltsve been lrproved
ar.d the metir.cd cf analyc’'s has Leen ned¢lfied slnce -ombpll-
cotion ef refecence 5. The metlina now usced results in a
column curve that is reorrsenteative of noarly ncrfect
colrm speclwens, In additlen, tie method new takes into
acceH>unt the faect thut colurrnes of the dimenszionns tested
are actually plates with tvc free ed-es. Thesc columns
were cut from the flanges of the extruded H-sectlon
adJacent to the junction of the web and flangs.

The plate compraosslivz: strength of the mrateriel was
chtained from compression tests cof -, Z-, 8nd chennel-
sectlion columns so »ronortionad as teo covelen local
iretablillity, that 13, Iinsteblllity of ths plete slements.
(Sea fig. 4) The extruded ' -sacilcns were cbtained in
threc dlfferent web wldths; the flange wldths of each were
varied by milling off vnarts of tle flanges. The flanges
of sone of the H-sectlon extruslouns were remcved 1ln such
a way es to make both Z- and channel sectlions. The flange
wldths of the Z- and channel-sectlon colurmns were varled
in the same manner as the flanpge widtihs for the H-sectlon
columns. The lengths of the columns vwere celected in
accordance with tke princilples set Torth in raference 6.
The columns werc tested with the encvs ground flat and
square and bearing dlrectly a~slinst the testing-machkine
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heads. In these local-instability tests measurements were
taken of the crouss-sectlonal distortlon, and the critical
stress was determined as the stress at the rolnt near the
top of the Iknee of the stross-distortlon curve at which a
marked increase in dlstortion first occurred wlith small
increase 1ln stress.

A difference 1n the analysls pnresented herein from
that erplnyed In reference 1 1s concerned wlth the
measurement of bp and bW for use 1n evaluating ocr/h

by mecns of the equatlicons and curves of flgures 2 and 3.
In the theoretlcel derlvation of the plate-buckling for-
mula methemetlically iceasllzed sectlions were assumed, In
whlch the effects of the thickness of the flange and web
plate elsments and the offect nf the cormer condition -
equare, curved, or flllst - were nezlectsd in establlishing
the widths of the pluate slements., Consequently, as the
exporimental Investipatlon of the plale compressive
strength of aircraft materials progresses, some arbltrary
dimensioning of the flanyre end web widths has been found
necessery in order thaet the theoreticel and experlimental
buckling stresses agree w!thin the clestlic range. In the
formed Z- ond cranncl sectlons of references 1 and 2 with
inside bené radius of thmee times the sheet thlckness, the
widths of the flenge and web were deflined by center-~line
widths with squers cornex»s aszumed. In the extruded
sections with cmall fillets renortad hsreln, the wldths

of the flange ard web ware ¢>fined by tne 1lnside facc
Glmenslons, as shcan in fipgure 1.

RESULTS AKD DISCUSSION

Compressive Stress-Straln Curves

Compresslve strers-ctrain curves for extruded 75S-T
aluminum slloy, which were selected as typlcal or average
curves for the columr materlal, ere gliven 1n figure 5.
These curves were obtalned from tests of comprecslon
specimens cut from the middls part of the flanges of the
extruslones as shown in figure 5,

In order to study the varlation of the compressive
properties over the cross section of an H-section extru-
slon, surveys were made by tssts of compression sovecimens
cut from the web and flanges of the H-sectlions. The
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varlation of the compressive yleld stress gg over the
oross mection is shown in figure 6. Values of gy at
the outer part of the flanges were. generally higher than
those for the inner part of the flanges; the lowest value
-of Ogy was found in the web in all cases, The stress-
strailn curves of figure 5, representative of the materilal
In the middle part of the flanges, are therefore usually
typlcal or average curves for the flange materlal and show
values of Gg that are unconservative 1ln comparlson with
values of the’ compresslve yleld stress for the material

in the web,

The thin-strlp or H-, Z-, and channel-sectlon columns
to which a partlcular stress-straln curve appllies are
Indlcated 1n table 1 together with the values of °cy for
thet stress-rtrain curve. The values of 0c¢y have an
average of about T9 ksl for the with-grain direction.

The modulus of elsesctlcity 1In compression was taken as
10,500 ksi, the present accepted value for extruded 75S-T
aluminum alloy.

Column and Plate Compressive Strengths

Recause the compresslve pronertles of an extruded
alumlnum alloy mey vary considerably, the data and charts
of thls report should not be used for deslgn purposes for
extruslons of 75S-T aluminum alloy that have apprecilably
dlfferent comnressive properties from those renorted
herein, unless a sultable method 1s devised for adjusting
test results to account for varlatlions in material
proverties. The results of the column and local-instabllity
tests of the extruded 758-T aluminum alloy are summarized
herein; a dlscusslicen of the basic relationships is given
in reference 1.

Column strength.- The column curve of figure 7 shows'

the results of tests of thin-strip columns loaded in the
with~grain directlon. The reduction of the effective
modulus of elastlclty 7%, wlth the lncresse in column
stress 1s indicated by the varlation of T with stress
shown 'in figure 8.

Plate compressive strength.~ The results of the local-

instabllity tests of the H-, Z-, and channel-section
columns used to determine the plate compressive strength




6 NACA ARR No. L5F08a

are given in tables 2, 3, and lj, respectively. The plate-
buckling curves, analogous to the column curve of figure 7,
are shown 1n filgure 9. The reductlon of the effective
modulus of elasticlty nEe wilth the lncrease in stress

for plates 1s indlcated by the variation of 71 wlth stress,
which i1s shown together with the curve for T, in figure 8.
In this figure, the T-curve does not cross the rm-curves as
1t did for 2);S-T aluminum alloy. (See flg. 12 of refer-
ence 1l.) The extruded H-, Z-, end channel-sectlion columns
of 758-T gluminum alloy apparsntly were more nearly perfect
than the formed Z- and channel-section columns of 24S8-T
aluminum alloy (reference 1), so that the m-curves for the
extruded 75S-7 aluminum-allcy columns diverge from unity

at abcut the same polnt as the T~curve, which 18 repre-
sentative of nearly perfect columns.

The variation of the actual-ecrltical stress 0,, with
the theoretical ecritical stress O,n/1; ccmputed for
elastlic buckling by means of the formules and curves of
figures 2 and 3 1s shown Iin figure 1C. 1In order to illus-
trate the difference between the cr'tlcal stress Og;.
end the aversge stress at maximum load Opgy, .the varla-
tlon of Ogp with _Ocp/Omax 1s shown in figure 11.
Because values of Opgy may be required in strength cal-
culations, the varilatlon of Opgx with Ogn/n is pro-
sented 1ln flgure 12.

Flgures 9 to 12 show that the deta for H-sectlons
descrlbed curves different from those lndicated for Z-
and channel sections. One of the reasons why hlgher
vaiues of OTpgy Wore obtelned for the H-sectlons than
for the 2- and channel sections for a glven value of Ogp/M
(fig. 12) may be the fact that the high-strength material
In the flanges forms a hlgher percentage of the total
cross-sectlional area for the H-sectlon than for the Z- or
channel section. For the H-section, TOpgx 18 increased
over the value for the Z- or channel section for the
entire stress range covered in these tests (fig. 12);

Oop for the F-seactleon, hcwever, 1s lncreassd only for
stresses beyond thc elastlc range (fig. 10}.

For the varlation of Ogpn wWith 04,./Omay (fig. 11)
and of Opp, With O0,./m (fig. 12), only a single curve
1s required fer a glvoen tyne of cross sectlon regardless
of the value of bw/bw: whersas, 1ln the corresponding
figures 15 and 16 of reference 1, separate curves were
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necessary for different values of thils ratlo. This dis-
tinctlon is probably due to the fact that there 1s no
Increase 1n the compressive yleld stress in the corners
of the extruded sectlons comparable with the 1lncrease in
the corners of formed speclimens caused by the cold work
of forming the shapes from flat sheet, Reference 1 shows
how the increased strength 1n the curved corners due to
forming might produce a variation ln the average stress
at maximum load when by/ty is variled.

Langley Memorlal Aeronauticsl T.aboretory
National Advisorry Commlttee for Aeronautics
TLangley Fleld, Va,
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COMPR®SSIVE PROAPFRTIWS CF EXTRUDED 75S-T AI UMINTIM ALLOY

[Ee = 10,500 ksi]

Cclumns to whilch stress-strain
curves &pply Stress- | Cormressive yield
— straln stress, o, i
Desigration curve (ks1)
Type (tables 2 to L) (fig. 5) i
Thin strip £11 A 7.5
B la tc 3b, 5a to 5c, B 78.6
Ta to Bb, 10 to 1lle
H 13a to 17c¢ ; c 81.6
H 12a to 23a p ! 79.3
H 2%b, 23c i E TS.1
B La to Yec, €a to be, L 78.1
Qa to %¢, 12a to¢ 1Zc!
VA la te %b G 79.1
Z l{»a, -J-l-b; b E 79-}-'-
I
2 S5a, ha to bc : I 76.7
2 9a to 9c { A T7.5
Channel la to 3c I G 79.1
Channel la to 5¢c ! H T€.4
Channel 6a to bc ! I 8.7
Channel Ta to Ge | = 79.1
|
Channel 9a, 9b ; A 775

NATTONAL ADVISORY
CCMMITTEE FCR ATRCNAUTICS
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TABLE 2.~ DIMENSIONS AND TEST RESULTS FOR H-SECTION COLUMNS
THAT DEVELOP LOCAL INSTABILITY

ag
L |tw by | by ky b Az2(1- or -

Column| *w b J by L by |to : —*1 "% |%er |“max

(1n.) {(in.)| (in.}| (1n.)]| (dn.) Bw |t K R (rig. 2) * - (r-%) (kns)|(kal)
a

1s |0.220 [0.126{1.6) |0.82 | 6.10(|3.79(0.95 |13.42(0.512| 2. 26. 143.3 | 79.31 B2.
1b .121 | ,126/1,61 | .80 | 6.10|3.79 .92 13, 2 .500 2.}% zs.g 1&%,; 75.2 82.2
16 2120 | .125]1.62 | .B2 | 6.10]3.76| .96 |13. 5051 2. g 26'3 143.0 | 78.2| 83.1
2a 2120 { +125{1.61 | .90 | 6.05(3.75| .96 15.&% . 53 2.3 28. 123,01} 78.7| 80.1
2v .120 | J12611.62 | .50 | 6.07 3.72 .96 113} .25 2.38 28.8 122.2 7 .3 Bo.ﬁ

3a 2121 | .12601.62 | .98 | 6.1013.76| .96 (13.43( .b0B| 2.02 31,3 106.3 | 76.8] 77.
b .121 | J126[1.62 | 991 6.08[3.75| .96 |13.4%| .610| 2.02 31.5 106.3 ] 77.0 72.7
.120 | J12101.62 | .99 | 8.75(5.40] .9 15.&2 613 | 1.92 2.0 100.7 | 75.1] 76.4
Lb 2121 | .121f1.62 | .99 | B.75(|5.4011.00 15.32 .212 1.91 32.0 101.6 | 7 .ﬁ 72.;

he 121 | .1211.62 | 99 | B.75 z.ho .92 3, 611 1.31 32 100.7 7&. 76.
5s 2121 | +12611.62 (1.03 | 6.495|h.01] .9 3| L6361 1.87 32,4 98. ; .0 76'ﬁ

5b 2220 | »226)1.62 |1.03 6.32 L.02] .96 13.&3 .652 1.83 2.1 98, 2.5 6.
Sc 2120 | J126]1.62 1.03 6.6 3.39 .96 |18, .6 1.8 52.% 8.7] 75.5] T17.3
ba .121 | J121]1.62 (1.0 8.72 5.,011.00 [13.37 .2 1 1.22 5h.8 86.o 7h.g 0.7
6b 121 | 22({1.62 1.03 8.76(5.4111.00 j13.40| .669| 1.63 3. 2173, 7&.5
6o 121 | .121(1.62 [1.08 | 8.76 Z.hl 1.00 [13.36| .665| 1.63 3L.6 86.6 | 73.8| 7h.7
Ta .121 | .126]1.62 |1.16 | 6.93]L.28| .96 |13. «716| 1.52 32.9 go.z Nn.8| 72.6
7o 2121 | J126{1.62 1.1& 7.00|4.32]| . 1343 .720( 1.52 56-0 g-g 1.7 72.2
ge .121 | .126(1.62 |1.1 7.014.33] .9 15-&% 27| 1. g %6.3 78, 72.8 72.5
. .120 | .126(1.61 {1.16 | 7.82]4.86( .96 15-32 o 72 1. 32-2 78.7 | 70. 72.;

8b 121 | .126]2.62 (1.17 | 7.80 2.81 .95 (13, .72 1.50 36. 790 71.1| 72.
9a 21 | J12101.62 {1.17 |10.10(6.25| .99 |13.40| .723| 1. 37.2 75.1 20-9 ;I-E

9b 121 | .121(1.62 |1.17 [10.10}6.23 1.00 15.&9 .72 1.42 37,1 73.2 g.o 0.
de .120 | .121(1.62 |1.17 [10.10(6.25| .99 [13.0L5] .72 1.42 Bg-ﬁ 7h.5 | 68.5 z0.9
10 121 | J126[1.62 |1.2 .8214.8% | .96 15-&% -572 1.33 ? 5 ZO-I 29-0 69-2
11a 121 | .127{1.61 (1.3 72(5.42 .9; 13-3 'e’ﬁ i-}? 48-2 65-g 6;-2 65.2

11b 121 ] .127]1.61 |1.3 8.71 g.hl .95 113. I -83 1 g 40- 6}'2 6z'h 63'
11e 121 | .127(1.61 |1.34 | 8.71 .%1 .95 15-3 «831 .1 0.5 3. . .1
12a 121 | .1221.62 |1.34 |10.75(6.6L1 .59 13.h11 .89 1.14 2,1 60.1 61.% 63.7
12b .120 | .121|1.62 |1.3L |10.80(6.67) .99 [13.h5| .830 | 1.14 2.2 59.9 | 61.8| 63.2
12¢ .120 | .122{1.62 |1.3L |10.80(6.67{ .99 |13.45| .829 | 1.1} 2.2 55.9 | 61.2| 63.2

13a .120 | 123 |2.23 [1.26 |11.62 |$.21 | .97 |1B.69| .562| 2.29 ho.8 62.2 59.5f 61.
13b W19 | .12312.25 (1.26 |11.61(5.21] .97 118.7%| .&62 | 2.29 40.9 61.9159.7 61.3
13¢ 119 | .123 2.23 1.26 [11.60(5.20( .97 {18.74| .56 2.26 1.2 61.01 59.9] 61.6
1 .119 | 123 12.2L [1.36 [12.59(5.62 | .97 [18.78] .éo 2.00 3. 53.8 63.2| 57.8
Y .119 | .123 2,23 1.52 12.6315.66| .97 |18.73| .611| 2.00 W3, sh.1|53.1| 57.6
e L119 | 123 z.ai 1.3 12.6315.66 | .97 118,71 .611| 2.00 h3. Lh.2 | 53,1 52.7
158 L119 | .1232.24 (1.3 113.30 5-9% <97 118.78] .628| 1.8, 5. 9.5 | 50.3| 56.0
15b L1159 | .123 (2,23 |1.43 |13.30(5.96( .97 (18.71| .638| 1.8, L5.6 h9.% 51.0( 56.1
15¢ 119 | L2123 [2.23 1.%3 13.3115.97| .97 18."2 6381 1.8, L5.7 L9. Eo.; 56.3
160 | 2119 | 123 |2:23 [1.60 |13.82|6.20( .97 (18:98| 7i8| 1.51 56.5 Ko7 | B1i8| 3.7

16b 119 | .123[2.23 |1.59 |13.83(6.20| .97 (18.73| .71k | 1.52 50,2 hl.1 | k2.1 63,
1éc 119 | .123 (2,23 1.33 13,81 16,19 .9; 18.73| 71| 1.52 50.2 Li.1| 41.9| 53.7
EEARE AR AR S AR AR IR R AR
1;0 .119 | .125 2.23 1.84 1h.26 6.54] .95 |18.75] .822 | 1.19 56.9 32.1 | 32.9 51.3
16a 2123 | 121 (2.7 11.16 [11.49 k19 [1.02 |22.22( 425 | 3.19 k. 61.3 | 61.8| 62.9
18b 123 | .121 2.7% 1.1 |11.49 1h.16 [1.02 122,048 J12 | 3.37 Lo.s 62.3| 61.2| 63.6
19a 122 | J12102.74 1.2 |12.9 h.7% 1.01 |22.36( J4sh| 2.95 Ls.i 56.0 52.9 55'2

14p .123 | .21 (2.73 {1.2l |13.00 k.76 [1.02 | 22,30 .ﬁaa 2.95 k3.0 56.3 | 56.2] 582
19¢ .122 | .120 2.7& 1.22 |1%2.01 (477 [1.01 |22,.35] . 3.00 2.7 7.0 | 8.5 59.4
20a 222 | .119|2.70 (2.37 |1h.ho)5.26 h.02 |22,.47] .502 | 2.50 47.0 Z'o 3. 5.3

20b 2122 | .120 (2,74 l.sg 1.La5.26 [1.02 122,50 501 | 2.50 uz.o 16.9 | Ll .2 &5,
20¢ .122 | 120 [2.74 [1.38 [1L.40|5.26 |1.02 |22.46] .50 2.30 46.9 7.0 7.8 5 .8
2la 122 | .119(2.74 11.67 |15.21 5.53 1.02 {22,481 .60 1,83 51‘.3 3. . 1.8
21p 122 | 1220 (2.7h 1067 |15.1815:96 1:02 132 46| (o8| 1.8 G | 392 13
2le 122 | .120{2.74 {1.68 [15.19(5.5L [1.02 [22,.50] .612 | 1. 2“'° 10 52.2 1.3
22a 122 | .120(2.74 |1.96 [16.72]6.11 [1.02 |22, 78| 1.37 3.2 2 ,g 28.4] Ls.3
22v 122 | .219(2.74 [1.96 |16.70]6.09 [1.02 zz,hg JI71 1.37 65.3 26.81 26.0| 49.0
23g .122 | .120(2.7h (2.2h [17.80 G-EO 1.02 122, 48] .17 1.0 70. 20.6 | 20.2| 47.0
2%b .123 | J122|2.7h |2.2k {17.79]|6.09 1.02 |22.23] .820| 1.09 o.g 20.9 | 21.5| k7.9
2%¢ Ja2h | 222,70 |2.20 {17.8116.50 (1.01 (22,16 .§18] 1.10 29. 21.3 | 1.5 L47.9

| .

. 2 o 2
- E,
Zor . 1" Po" | shere ®, = 10,500 kst and , = 0.3.
W 12(2-p2)by?
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TABLE 3.~ DIMENSIONS AND TEST RESULTS FOR Z~-SECTION COLUMNS
THAT DEVELOP LOCAL INSTABILITY

t o
L w| bw bp 3. =t -
corum| | e | Bw | % | L | ol T g | n| W | 20 T o | Ty
(1n.) | (4n )] (1na) | (4na) | (Iny| W F (rig.2y | *w Ky 1(kst) | (kst)} (ki)
(a)
la |0.120| 0.125| 1.63{ 1.07| 6.13{ 3.76/0.96 | 13.61}0,658 2.00 31.8 102.4 | 72.1 | 73.7
1b L1201 .125( 1.62| 1.06| 6.10) 3.76] .96 | 13.48} .657| 2.00 31.5 104 | 73.8 | Th.6
le .120 .12; 1.22 1.07| 6.11 3.77 .95 [ 13.45] .662| 2.01 21,3 105. 5.7 1 W7
23 120 .12 1.62 | 1,17 2.01 2320 .95 [12.49] .721] 1.74 33.& 90. 71.2 | 72.5
2b L120( .125| 1.62 1,16 .6.99| L.31 .96 |13.50| .71 1.7 33, 90.6 | 71.3 | 72.0
2¢ 2201 W127| 1.62( 1.17; 6.971 L.30| .95 ]13.L6 .gz 1.72 33.9 90.1 Zo.o Za.a
2a 21| 27| .62 1.3L( 8.73 5.39 95 112,511 .82 1.36 z28.1 7.7 6.0 Z.a
3b 20 .125( 1.62| 1.34| 8.75| 5.Lo| .96 [13.47]| .82 1.34 38.5 70.1 | 63.8 | 66.4
La Jd20) .124| 2.25) 1.311 11.90] 5.29] .97 {18.74| .581| 2. 39, 65. .8 | 61,
Lb 120 .125| 2.25] 1.31| 11.90] 5.29| .97 |18.73| .582 2.%% 9.% 62.% 23.1 62.;
58 J117| .122) 2,26 1.58]12.8B0| 6.11] .96 |19.23| .702| 1.8 7.3 he.y | k5.2 | 53.2
b 12071 .12 2.25 1.38 13,77| 6.12] .98 | 18.76| .702] 1.76 ué.g 47.5 | 45.1 | 53.6
a 18 .12 2.27| 1.85] iLh.70! 6.48} .95 ] 19.23 1| 1.39 53. 35,6 53.3 50.1
61 J119 .123| 2.26 ) 1.85| 14.70] é6.501 .96 {19.11] .Bi7| 1.37 53.9 35,6 | 35,6 | 50,3
Ta 1221 21| 2.76| 1.36| 14 41 5.22|1.01 | 22.68 2| 2.93 .8 .1 .1 .8
b Jd22] 121 2076 1.3g .40 2.22 1.01 | 22.59 %96 2.%5 ﬁﬁ.a gh.o 22.7 52.0
a 1221 .120| 2.76 1 1.78] 16.11| 5.8411.02 | 22.58 Zh 1.87 5.6 53.8 z5.L 9.
8b 231 1214 2.761 1,781 16.11 2.8& 1,02 (220471 .6l 1.87 Sl 35,1 | 36.0 hS-E
9a 22| .20 2.78| 2.25) 17.90| 6.h4i1.02 [ 22.77| .810] 1.25 67.4 22.9 25.3 us.g
9b 22| 20| 2.78| 2.25( 17.90) 6., 4L4f1.02 [22.71 | .B10] 1.25 67.2 23.1 | 22. L45.
9¢ 121 | .120] 2.78 1 2.26| 17.90| é.4411.01 {23.01| .B13]| 1.29 67.0 23,2 | 2%3.3 | L,5.8

o w2p b2 :
cr _E!_-_Efﬂ__ , where E, = 10,500 ksi and p = 0.3,

N 12(1-4%) by?
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TABLE li.- DIMENSIONS AND TEST RESULTS FOR CHANNEL-SECTION COLUMNS

THAT DEVELOP LOCAL INSTABILITY

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

[+ - o
N T T e IR = R . . ey | | Sor | S| X
[« 4
(in.} | (in.) | (in.) {(in.)| (in, % W bw (fig. 3) x Yy (?s%) (ks1) | (kst) max
a
1 0.121 | 0,126 | 1.62 | 1.08] 6.12 78 0.96 [13.41{0.666] 1, 1. 103.4| 73.8 o6 { 0.98
13 Jd21 ] .12 1.62 | 1.08 6.15 3.39 .95 [13.h1] .66T 1.32 1.; 103.4 Zg.h ;h.g . Sﬁ
2a 120 .12 1.62 | 1.17 7.00 .32{ .95 [13,48] .720| 1.71 3.1 89.3 A1 72.2 | 943
2b 221 L1261 1.61 | 1.16] 7.01 | L.36] .9 13.3& .T22 | 1.71 33.8 1.2 69.3 73.1 | 949
2¢ 220 W26 1.62 | 1.17 g.oo h.ﬁz .95 113, .720] 1.71 3.0 9.8( 69, 2.6 | 961
AR ks R AR AR SR R R
3¢ | .120 | .126) 1.62 | 1.3%| 8.74 | 5.Lo| .96 [13.45| 821 1.37 gefo 7.4| 65.9 | 67.6 | .375
1201 .12 2.21 | 1.36/11.9 . . 18. 61 2.22 Lo.8 2.3| 59.4 | 60, .982
h; 121 .12& 2.2% 1.%6 11.32 ?.22 .3; 18.23 .60% 2.25 k.0 2.2 53.5 ‘ 59.2 .982
he Jd21 | 2L | 2.23 1.53 11.92 | 5.35 .97 [18.51| .60 2.25 hl.o 62.3 Zz.g 71 <963
Se J20f 2L | 2.23 | 1.58(13.82 { 6.20 .97 [18.56] .70 1.72 6.3 L7. . X1 862
5b 220§ L12 2,23 | 1.59]13.82 | 6.20{ .98 [1B.58]| .711] 1.72 ké. h7.3| L6.5 2,9 | 879
¢ Jd20| .12 2.23 1.39 13.81 | 6.19 .97 118.59] .710| 1.72 L6.8 hz.a 46.0 32.5 .876
A IR I R A B A R R B A ek AR AR 22:2 2l 32h | Ba | 1%
6c | 118 125 | 2.24 | 1.83{1h.70 | 6.56/ .97 |18.88] .820 1.32 33.1 36.2 35.% 49.3 | .722
78 Jd22 | .120| 2.73 | 1.36)1Lk.40 | 5.27/1.02 |22.28] .500| 2.8% L3.9 s5hei| 5L.2 55.2 <977
b 22| 120 2.72 1.gg 1L.39 5.23 1.02 |22.30] 199! 2.83 .%5.9 54.0! 5L.0 BG. .957
a J22 | .21 2.74 | 1.82[16.10 | 5.88/1.01 j22.10| .663| 1,81 Sel 3L.2] 34.7 9.5 | .701
8b | .22 .120| 2.74 | 1.82{16.10 | 5.88/1.01 {22.45| .661| 1.81 5.2 2.1 245 h7.3 +729
AR AR BRI R I A B e il
.12 nl L] * * * . L] L] L] * L] L] * .
32 .12? 2120 | 2.74 | 2.23117.95 | 6.55[1.02 [22.35( .B12| 1.2% 62.2 2%.71 2.3 ﬁ%.z .526
' 2
Tor . " Foln where E; = 10,500 ksl and y =
— ’ - » ',]—0.3-
N 12(1p2 )by i
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Figure |.- Cross sections of H-, Z-, and channel-

section columns.
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Figure 2.- Values of ky for H-section
columns. (From reference 4.)
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Figure 3.- Values of ky for Z-and channel-
section columns. (From reference 4)
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NACA ARR No. L5F08a Fig.

Figure 4.- Local instability of an H-section column.
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Figure 5. - Compressive stress -strain curves for extruded 755-T aluminum alloy.
(Curves A, B, C,etc. are identified in table I.)
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NACA ARR No. LSFO8a Fig. 6
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Figure 6.- Variation of the compressive yield stress
over the cross section of an extruded H-section
of 755-T aluminum atloy. (Values in ksi)



60

l

_FElastic buckling

g

| R
40 :
Cgr-, KK
20 B \O\ :
Tl\\\\\\\\
o jOMHITTEE'FO!lilONAUTICS
0 20 40 60 80 100
L |
pVC

Figure 1. Column curve for extruded 75 S-T aluminum
alloy obtaned from fesfs of thin-strip columns. ay-77 ksi.
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Figure 9. — Plate -buckling curve for exfruded
733-T aluminum alloy obtained from

tests of H-,Z-, and channel-section
columns. ogy= 79 ksi.
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Figure 10.- Variation of ocr with gcr/n for plates of extruded
755-T aluminum alloy obtained from tfests of H-,7Z- and
channel-section columns. ogy=79ksi.
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Figure 11.- Variation of ogr with Ogr/Bmax
for plates of extruded 73S-T aluminum
alloy obtained from tests of H-, Z-, and
channel-section  columns. o =79 ksi.
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Figure 12.- Varigtion of &nax with oy /n for plates of extruded 755-T

aluminum alloy obtained from fests of H- 7= and channel- section

columns. gy =79 ksi.
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